Abstract-The magnetic separation is a very useful tool to manufacture medicine. We have developed the magnetic chromatography system, which separates the magnetic particles or the ions from fluid due to its strong magnetic field gradients in a very small flow channel. In order to simulate the magnetic separation, we developed the simulation code dealing with the multi-scale problem, and verified the results compared with the experimental ones.
I. INTRODUCTION The magnetic separation is a useful system for the fine magnetic particle and/or ion separation due to the strong magnetic field gradients in a very small flow channel. Therefore, many systems with the magnetic separation have been developed, e.g. for medicine manufacturing, sludge disposal, and so on. We have developed the prototype magnetic chromatography (MC) system with the novel magnetic column, which uses the strong magnetic field gradients for separating the magnetic particles with different magnetic susceptibilities in a small flow channel [1] . In the developed MC system, the ferromagnetic wires that generate the magnetic force are located on the wall. Therefore, the magnetic particles with a large magnetic susceptibility are extracted in the radial direction of the flow channel and concentrated around the channel wall, and the flow velocity close to the channel wall is almost zero. The magnetic particles with a small magnetic susceptibility can go through the channel without attracting the channel wall. Thus, the distribution of the magnetic particle concentration in radial direction would be different and the exhaustion time must be also different.
The numerical simulation of the magnetic separation is, however, very difficult since the scale of the fine particles in the fluid is much different from that of the main superconducting magnet generating the strong magnetic field gradients. The accurate simulation method coupling fluid dynamics with electromagnetics is not developed. In this paper, the numerical simulation method, which has been newly developed coupling the Navier-Stokes, the control volume equations and the magnetic field, is presented.
II. NUMERICAL SIMULATION For simulating the fluid with the magnetic particles in the MC, the Navier-Stokes and the control volume equations are simulated by the finite volume method, and the magnetic field simulated by the magnetic moment method.
The governing equation of the control volume is
where ρ, φ, v, Γ and S are the fluid density, the transported scalar variable, the fluid velocity, the scalar diffusion constant and the scalar source term, respectively. The fluid velocity v is obtained by solving the Navier-
where p*, μ 0 , M and H are the composite pressure, the permeability in free space, the magnetization and the magnetic field strength, respectively. With change of the concentration distribution of the magnetic particles the magnetic field also changes due to the permeability of the particles. Therefore, the magnetic field has to be simultaneously solved. The magnetic field is simulated by the magnetic moment method [2] , ( ) 
where r and ′ r are the position vectors, χ m the susceptibility and B F the magnetic field generated by the main magnet. Fig. 1 shows an example of the simulation results obtained from the above equations. The flow in front of the collective magnetic particles meandered. The features of the magnetic separation were observed. 
